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Chronicmyeloidleukaemia(CML) is a clonalneoplasmthat
arisesin a stemcell commonto granuloC)"tesand erythro-
cytesl-~.Se\'eralabnormalitieshave been identifiedin the
plasmamembranesof granulocytesof CML patients4-4;,butto .
ourknowledgenostudieshavebeendoneonCML erythrocytes.
WereportherethatCML erythrocytespectrinbecomesabnor-
malduetocross-linkingofitstwosubunitsviadisulphidebonds.
In addition,weshowthatthiscytoskeletaldefectin theer).th-
roc).tesis associatedwithlossof transmembranephospholipid
asymmetf)'.These obsen-ations,apart from demonstrating
membraneabnormalitiesin CML er),thrOCyles,alsoprovide
strongsupportfor the viewthattheasymmetricorganization
ofphospholipidsin theredcellmembraneismaintainedmainly
byinteractionsbetweenspectrinandaminophospholipids7-10.
Blood from leukaemicmalepatients(aged30-50yr) and
fromhealthyadultdonorswasobtainedfromKing George's
MedicalCollege.Lucknow.anddrawnby venepunctureinto
heparinizedglasstubes.All the patientsstudiedhere were
establishedcasesof CML asshownbytheirhaematologicalnd
clinicalanalyses.After removalofplasmafrombloodcells.the
cellswerewashedthreetimeswithphosphate-bufferedsaline
(PBS.pH 7.2),Leukocytes.plateletsandimmaturecellswere
separatedfrom erythrocytesby using a Ficoll-Hypaque
gradientII. Redcells.obtainedafterthesecondgradient,were
contaminatedwith<0.2%leukocytesandimmaturecells.
Membranesof CML andnormalhumanerythrocyteswere
analysedfortheirproteincompositionsbySDS-polyacrylamide
gelelectrophoresis12 nnon-reducingconditions.Thegelswere
stainedforproteinwithCoomassieblueandscannedat530nm.
Figure1showstypicaldensitometerscansof thegels.The gel
profilesof CML erythrocyteghostscontainedone additional
high-molecularweightproteinband(Hp.Fig. IC) whichwas
absentfrom the gel patternsof normalred cell ghosts(Fig.
IA). Apartfromthisdifferencebetweeenthetwotypesofcells,
the CML erythrocytemembranealso containedsmaller
amountsof spectrin(Fig.1C J. Treatmentof CML erythrocyte
ghostswith t3-mercaptoethanol(t3-ME) at 37°( for 15min
beforetheirextractionresultedin thedisappearanceof theHp
bandandconsequentlyanincreasein theintensitiesof spectrin
bands(fig. ID). :--;0effectonthegelprofilesof normaleryth-
rocyteghostswasobservedaftertreatmentwitht3-MEin iden-
ticalconditions(Fig. IB). Thesefindingsclearlyindicatethat
theHpproteinin CML erythrocytemembranehasoriginated
from cross-linkingof spectrinvia disulphidebonds.This is
further supportedby our observationthat the glutathione
(GSH, levelsin CML erythrocyteswereconsiderablylower
thaninnormalcells(Table1),
Similarspectrinoligomershaverecentlybeenobservedin
sometypesof glucose-6-phosphated hydrogenase-deficient
redcellsD. This abnormalitywasfoundto be associatedwith
othermembranechangesuchas increasedbulklipid fluidity
and decreasedcholesterol:phospholipidratio. Cross-linked
spectrinhasalsobeendetectedinredcellsaftertreatmentwith
sulphydryloxidizingagents,.I~-19. Theseagents,in controlled
conditions,exclusivelycross-linkedspectrinvia disulphide
bonds,whichin turnhasbeenshownto beassociatedwitha
decreaseinerythrocytedeformabilityl5,inhibitionofdiskocyte-
echinocyteshapechanges16, andreducedlateraldiffusionof
band3 polypeptidesIe. Prolongedtreatmentof redcellswith
theseoxidizingagents.however.resultedin extensivecross-
linkingof membraneproteinsandconsequentlyaggregationof
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Fig, 1 Densitometerscansof gels stainedfor proteinswith
Coomassieblueafterelectrophoresisof redcellghostson SDS-
polyacrylamideI 2. A. Normalhumanerythrocyteghosts;B. {3-
ME-treated normal erythrocyteghosts;C. CML erythrocyte
ghosts;D. {3-ME-treatedCML erythrocyteghosts.The protein
bandsof thenormalhumanerythrocytesarenumberedaccording
to the nomenclatureof Fairbanksel al.12Similargel patterns
wereobtainedforerythrocytesof fivehealthyadultsandsixCML
patients.TO. Trackingdye.
Table1 Concentrationof GSH in erythrocytes
Sample
Normalerythrocytes
CML erythrocytes
GSH (mgper 100ml
packedcells)
61:t 5
34:t4
n
8
6
The concentrationof GSH in erythrocyteswasdeterminedby the
procedureof Beutlerel al.2'. Valuesare t.xpressedas mean:ts.d.;
n. numberof humansexamined.
intramembraneparticles18 andenhancedrateof transbilayer
movementl9of phosphatidyIcholine(PC).
Haest el ai.' observedthat the cross-linkingof spectrin
achievedbytreatinghumanredcellswithsulphydryloxidizing
agentsleadstolossof transmembranephospholipidasymmetry.
Therefore,westudiedthetransbilayerdistributionsof diacyl-
glycerophospholipids:PC, phosphatidylethanolamine(PE) and
phosphatidylserine(PS),in themembranesof bothnormaland
CML humanerythrocytesusingphospholipaseA2' from two
differentsources,asanexternalmembraneprobe2o.21.Table2
showsthatNaja naja phospholipaseA2degradedonlyPC in
thenormalredcells,whereasinCML erythrocytesthisenzyme
alsohydrolysedPE (- 27%)andPS(- 30%).Thedegradation
of PE andPS wasnotdueto penetrationof theenzymeinto
CML erythrocytes,becausethe extentof hydrolysisof these
phospholipidsremainedalmostconstantevenafterprolonged
incubation(2h)of thesecellswiththeenzyme(Table2).
ThepresenceofPSintheouterleafletoftheCML erythrocyte
membranebilayerwasconfirmedby usingpancreaticphos-
pholipaseA2toprobethemembranephospholipidorganization
in thecells.The datain Table3 indicatethatthisenzymedid
Table2 Erythrocytephospholipid egradation~phospholipaseA2
ontainedfrom.1\'.lIaja snakl'venom
------
Erythrocyteswereincuhatedwith .'1/.lIala phospholipaseA, for 1
and2h in conditionsdescrinedpreviously2".Theenzymereactionwas
stoppedhy washingthe cells three times with PBS containing
10mMEDTA. The extentof haemolysiswasdeterminedat theend
of eachincuhationhdore theEDT A washasdescrihedhyRoelofsen
tT al.'~. Lessthan 5':0of the cellswere lysedin theexperimental
conditions.Lipidsfromthewashedcellswereextractednythemethod
of RoseandOklander'" hutwithoutahaemolysisstep.Thelipidmixture
was chromatographedon silica gel G-60 TLC platesas described
previousl/" andthetotalphosphoruscontentin eachspotwasdeter-
mined'l. The percentageof the totalphospholipidhydrolysedafter
treatmentof redcellswiththeenzymewasdeterminedn~measuring
theratioof remainingdiacvlglycerophosf)holipidstothecorresponding
IysoderivativeValuesshownarethemeanoffivedeterminations:::s.d.
not attackthe normalredcells,butreadilyhydrolysedPC
\-40"'0). PE (-25°0) andPS (-28%) in CML erythrocytes.
This is quite consistentwith the previousobservationthat
pancreaticphospholipaseA2 hydrolysesonly thosered cells
whichcontainPS ontheiroutersurface7.,:.
As accessibilityof differentphospholipidstophospholipases
in intactredcellshasbeencorrelatedwiththeirlocalizationin
theexternalleafletof themembranebilayer,,,.'l.weconclude
thatthetypicalasymmetrictransbilayerphospholipidorganiz-
ationinthehumanerythrocytemembrane"islostduringCML.
This concJusiclOis in accordancewithearlierstudies-.1"which
showedthatthe abnormalitiesin erythrocytespectrinare in-
variablyassociatedwith abnormalmembranephospholipid
organization,and therefore support the view that the
aminophospholipid-spectrininteractionsarethemajordeter-
minantsof transmembranelipidasymmetryinredcells-I".
Theseobservedabnormalitiessuggestthatexternalizationof
PSinCML erythrocytescouldhyperactivatethebloodcoagula-
tion system'.""andhencemaycausethrombosis.Also.the
defectiveervthrocvtec\toskeletalnetworkwould enhance
destruction~fthes~cellsby the spleen".makingthepatients
se\'erelyanaemic.
WethankDr NityaNandforencouragementandCSIR. :\'ew
Delhi.for theJRF awardtoA.K. PancreaticphospholipaseA,
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Hamburg.FRG. This reportis communicationo.3261from
CDRI, Lucknow.
Table3 ErythrocytephospholipiddegradationhyphospholipaseA:
ohtainedfromhogpancreas
Treatmentsof erythrocyteswith pancreaticphospholipaseA,
<Boehringer\1annheim,werecarriedout accordingto themethodof
Haest1'1al.'. The amountof enzymeusedwas 10IV per 0.25ml of
packedcells.Incubationswerefor 45.90 and 135minat 37°C. The
extentof haemolysiswas<10/0in theexperimentalconditions.The
enzymereactionswerestopped,cellsextractedandamountofdegraded
phospholipidsdetermined.asdescribedinTable2.Valuesarethemean
of fourdeterminations:l::s.d.
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Incuhation PC PE PS
Sample timelhl (fI'cJI (o I (0{0I
Normal 1 56.43 :t 0 0
erythrocytes 3.59
2 56.82:t 0 0
3.34
C\1L 1 41.1O:t 26.66:t 30.41:t
erythrocytes 2.37 1.62 3.31
2 42.0R:t 27.02:< 30.33:t
2.74 0.76 1.05
Incubation PC PE PS
Sample timelminl (°10) (H,OI 10'0)
Normal 45 2.91:t 0 0
erythrocytes 0.60
90 3.5h 0 ()
0.65
135 4.71 :t 0 ()
1.60
CML 45 30.72 :t 19.96:t 28.76:t
erythrocytes 1.81 1..'i7 2.44
90 38.07:t 24.31 :t 28.45 :t
1.00 1.36 2.78
135 39.77:%: 24.98 :t 27.94 :t
2.23 1.04 3.99
